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D. L. THOMPSON, JR.,† and R. W. ADKINSON*
*Department of Dairy Science and
†Department of Animal Science,
Louisiana State University Agricultural Center,
Louisiana Agricultural Experiment Station,
Baton Rouge 70803

ABSTRACT
Forty-two Holstein calves were used to study performance and metabolic responses when milk replacer
and then postweaning starter were supplemented
with 1 ppm of Cr as Cr-tripicolinate. From birth
through 8 wk of age, supplemental Cr tended to improve the growth performance of bull calves but not of
heifer calves. Starter intake and feed efficiency were
not affected by supplemental Cr. From 1 to 5 wk of
age, plasma cortisol concentrations sampled just prior
to feeding decreased, and concentrations of insulinlike growth factor-I increased. All calves appeared to
become less sensitive to insulin as they aged. From 1
to 5 wk of age, plasma glucose and insulin concentrations gradually diverged for all calves; glucose concentrations decreased, and insulin concentrations increased. In addition, glucose clearance rate, measured
by i.v. glucose tolerance tests, was more rapid when
calves were 2 wk of age than when calves were 8 wk
of age. The glucose clearance rate was greater in
heifer calves than in bull calves but was not affected
by supplemental Cr. Entry of plasma glucose following an i.v. propionate load was also greater in heifer
calves than in bull calves but was not affected by
supplemental Cr. Plasma nonesterified fatty acids
were lower in calves fed milk replacer or starter
supplemented with Cr than in control calves,
although this effect diminished as calves aged. This
finding was considered to be indirect evidence of enhanced insulin sensitivity in calves fed milk replacer
or starter supplemented with Cr. Overall, data suggested that supplemental Cr-tripicolinate had minor
effects on the metabolism and growth performance of
conventionally managed dairy calves. The most not-
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able effects occurred during the initial few weeks of
life.
( Key words: calves, chromium, weaning, milk
replacer)
Abbreviation key: IGF-I = insulin-like growth
factor-I, IVGTT = i.v. glucose tolerance test, PLT =
propionate loading test.
INTRODUCTION
Chromium is a well-established trace element for
humans and laboratory animals (2, 25). Chromium
appears to be an integral component of the molecular
complex known as the glucose tolerance factor, which
facilitates the cellular binding and action of insulin.
Evidence that suggests that Cr may be beneficial in
the diets of livestock is increasing. Supplemental Cr
has improved glucose tolerance and a number of
production parameters in swine (1, 28). In
ruminants, positive production responses to supplemental Cr appear to depend on the presence of
stressors, such as stress from transit from the market
(8, 26, 27) or stress during early lactation (36).
Supplemental Cr has had only modest effects on glucose tolerance or other indices of carbohydrate
metabolism in fully functional ruminants (6, 21, 23,
36). However, functional ruminants derive little glucose from intestinal absorption, and the role of insulin
in these animals is perhaps less well defined than the
role of insulin in nonruminants ( 5 ) .
Because glucose is absorbed in comparatively large
quantities in milk-fed ruminants, the importance of
insulin to glucose homeostasis is similar to that for
nonruminants. In addition, evidence suggests that
milk-fed calves become resistant to insulin as they
age, resulting in exaggerated postfeeding elevations
in insulin and glucose in blood (18, 19). Under these
conditions, there is the potential for urinary spillage
of blood glucose and reduced efficiency. In addition,
Grutter and Blum ( 1 6 ) reported that insulin secretory mechanisms may not be fully developed in young
calves. Therefore, it is plausible that neonatal calves
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would be more metabolically responsive to Cr than
adult cattle. The limited data that are available for
milk-fed calves were not conclusive regarding the effects of supplemental Cr on carbohydrate metabolism
(22). This study was conducted to delineate more
clearly the effects of supplemental Cr on carbohydrate
metabolism in young calves from birth through weaning.
MATERIALS AND METHODS
Calves and Feeding
Forty-two Holsteins calves born at the campus
dairy in Baton rouge, Louisiana between August 23
and December 5, 1994 were used to study performance and metabolic responses to a conventional
milk replacer and starter feeding regimen supplemented with Cr-tripicolinate (12% Cr; Nutrition
21, San Diego, CA). As eligible calves were born, they
were divided by sex and birth dates and then stratified between the two treatments (11 male and 10
female calves per treatment). Calves were removed
from their dams immediately after birth and were
relocated to individual open stanchion hutches. During the first 3 d after birth, calves received colostrum
only (1.9 L twice daily). The calves were offered fresh
colostrum from the dam or previously frozen and
thawed colostrum from a cow other than the dam.
Calves were trained to drink from buckets, and those
that were not readily drinking from buckets by 3 d of
age were excluded from the study.
Beginning on d 4 and until 5 wk of age (weaning),
calves received a commercial milk replacer (Nurstrate®; Moorman’s, Inc., Quincy, IL). The dry milk
replacer contained 22% CP, 15% crude fat, 225 mg/kg
of oxytetracyline, and 450 mg/kg of neomycin base
(from neomycin sulfate). Each calf received 250 g of
DM from milk replacer in 1600 ml of tap water (40 ±
1°C ) at 0800 and 1600 h daily until weaning. Previous studies with Holstein calves (6, 21) have used 0.3
to 0.4 ppm of Cr in dietary DM; however, in the
present study, a higher concentration ( 1 ppm of Cr)
was used to ensure adequate Cr intake because of the
insolubility of Cr-tripicolinate in water. To ensure
adequate consumption of supplemental Cr further,
the entire daily allotment was suspended in 15% of
the evening feeding and was administered via a bottle. On d 4 and 5 of age, calves fed milk replacer
containing Cr received a priming dose of 2.5 mg/d of
Cr, and, from 6 d of age until weaning, calves received
0.5 mg/d of Cr.
Beginning during the 3rd wk of life, all calves were
offered a commercial calf starter that did not include

supplemental Cr. This starter had a guaranteed
analysis of at least 16% CP, 0.8% Ca, and 0.6% P
(Purina Mills, Inc., St. Louis, MO). Starter intake
was recorded, and fresh feed was offered at each
feeding. When a calf had consumed all of the starter
between feedings, an additional 100 g of starter were
offered. All calves were weaned at around 5 wk of age
at a mean starter intake of 0.96 kg/d. Beginning at
weaning and continuing until the calves were removed from the study at 8 wk of age, 1 ppm of
supplemental Cr was blended into the starter ration
in a dextrose carrier for those calves that had been
previously receiving Cr.
Sample Collection
and Metabolic Challenges
Body weights were determined at birth and at 2, 4,
and 8 wk of age. At 1 2, 3, 4, and 5 wk of age, blood
was collected immediately before (prefeeding) and 2
h after (postfeeding) the evening feeding by jugular
venipuncture into 7-ml evacuated tubes containing
potassium oxalate and sodium fluoride (Sherwood
Medical, St. Louis, MO). The blood sampling procedure after feeding was discontinued prior to the birth
of the last 8 calves that were added to the study.
Metabolic challenges were conducted on the first 21
calves born. An i.v. glucose tolerance test ( IVGTT)
was conducted at the end of the 2nd wk of life (the
day prior to starter access) and during the 8th wk of
age to measure the abilities of the calves to clear a
glucose load. A propionate loading test ( PLT) was
also conducted on the same calves during the 8th wk
of age to measure the effects of Cr supplementation
on gluconeogenic potential. The IVGTT was performed 4 h after the morning feeding at 2 wk of age
and after calves had been deprived of feed overnight
(16 h ) at 8 wk of age. Calves were fitted with
14-G jugular catheters (Quik-Cath®; Baxter Healthcare, Deerfield, IL) and were allowed at least 1 h of
rest prior to the IVGTT. The IVGTT (0.5 g of glucose/
kg of BW infused as a bolus dose) was conducted as
described by Kitchalong et al. (23). At wk 8, calves
were allowed 2 h of rest prior to the PLT; calves only
had access to water. The PLT consisted of a pulse i.v.
infusion of propionate ( 3 mmol of Na propionate/kg of
BW as a 1.84 M solution in sterile saline) over a
2-min interval (15). Blood samples were collected
prior to and 5, 10, 15, 20, 40, 60, 90, and 120 min
after infusion. Catheter maintenance, blood handling
procedures, and the mathematical procedures used to
compute kinetic variables from the IVGTT have been
described by Kitchalong et al. (23).
Journal of Dairy Science Vol. 81, No. 11, 1998
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TABLE 1. Least squares means for BW gain and starter intake in calves fed milk replacer and starter
supplemented with Cr-tripicolinate.
P > F1

Treatment
Control
Item

Bulls

Calves, no.
11
Initial BW, kg
40.5
Daily BW gain, kg/d
wk 0 to 2
0.15
wk 3 to 8
0.60
wk 0 to 8
0.47
Starter intake, kg of DM/d 0.92
(wk 3 to 8 )
1Probability

Supplemental Cr

Heifers

Bulls

Heifers

SE

Treatment Sex

Treatment
× sex

10
36.9

10
38.5

10
38.2

1.36

0.83

0.17

0.22

0.04
0.04
0.03
0.08

0.40
0.52
0.76
0.36

0.99
0.90
0.94
0.75

0.15
0.27
0.10
0.25

0.21
0.63
0.53
1.04

0.18
0.66
0.53
1.09

0.12
0.62
0.48
1.02

of a greater F value.

Blood Analyses
Commercial kits were used in the colorimetric determination of plasma glucose (Sigma Chemical Co.,
St. Louis, MO) and NEFA (NEFA-C kit; Wako
Chemicals USA, Richmond, VA). Plasma insulin was
determined by radioimmunoassay as described by
Fernandez et al. (13), and plasma cortisol was determined by a commercial kit (Cortisol radioimmunoassay kit no. DSL-2000; Diagnostic Systems Laboratories Inc., Webster, TX). Plasma insulin-like growth
factor-I ( IGF-I) was determined by radioimmunoassay as described by Sticker et al. (35). For blood
samples collected during the PLT, propionate was
precipitated as a Na salt from deproteinized plasma
as described by Ryan (30). The propionate salt was
resuspended in water and subjected to standard gas
chromatography (Shimadzu GC-17A; Shimadzu
Scientific Instruments, Inc., Columbia, MD); samples
were corrected to 100% recovery using 2-ethylbutyric
acid as an internal standard.
Statistical Methods
Data for initial BW, starter intake, and kinetic
analysis of metabolite challenges were analyzed by
least squares ANOVA and PROC GLM of SAS (34).
The model was a factorial including treatment, sex,
and the interaction of treatment and sex. Analysis of
final and intermediate BW measurements and feed
efficiency included birth weight as a covariable. Data
for prefeeding and postfeeding hormone and metabolite concentrations were analyzed as a split plot. In
the whole plot, treatment, sex, and the interaction of
treatment and sex were tested against the mean
square of the interaction of treatment and sex. In the
subplot, calf age (weeks) and interactions of age,
treatment, and sex were tested against the residual
Journal of Dairy Science Vol. 81, No. 11, 1998

mean square. The PROC UNIVARIATE of SAS ( 3 4 )
was used to test for normality, and a Shapiro-Wilks
test value of 0.1 was selected for rejection of the null
hypothesis. When normality was rejected, data transformation was used to achieve normality, and transformed values were analyzed. Means are reported in
original units, and all statistical analyses were conducted using PROC GLM of SAS (34). Significance
was declared at P ≤ 0.05, and trends were determined
at 0.05 < P < 0.10, unless otherwise indicated.
RESULTS AND DISCUSSION
Performance
Twenty-two bull calves and 20 heifer calves were
assigned to the study; however, 1 bull calf developed
severe scours and died during the study. Because of
the imbalance that resulted from the loss of this calf,
least squares means procedures were used, and least
squares means are reported. With the exception of
this calf, cases of scours were rare and not considered
severe enough to influence results. All other calves
were generally healthy throughout the study. Bull
and heifer calves began the study at similar BW (39.5
vs. 37.6 kg). In addition, bull and heifer calves consumed similar amounts of starter from wk 3 to 8
(1.00 vs. 1.03 kg of DM/d) and had similar daily BW
gains for all intervals measured in the study (Table
1).
Chromium supplementation per se affected neither
starter intake nor daily BW gain over the intervals
investigated. However, over the entire 8-wk period,
supplemental Cr tended ( P = 0.10) to increase the
daily BW gain of bull calves compared with control
calves but decreased the daily BW gain of heifer
calves compared with control calves. Similarly, in
Holstein bull calves fed milk only through 9 wk of age
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(22), BW gain and efficiency were not affected by the
inclusion of Cr in milk replacer as either Cr-nicotinic
acid or CrCl3. DePew et al. ( 1 1 ) also observed no
differences in BW gain or efficiency when conventionally managed Holstein calves were fed diets supplemented with Cr-nicotinic acid through 5 wk of age.
In ruminating feeder calves, supplemental Cr has
been associated with improved performance in some
studies (26, 27) but had no relationship with performance in other studies (6, 21).
Metabolites and Hormones
Sex of the calf was not significant ( P > 0.10) for
prefeeding and postfeeding blood metabolite concentrations; therefore, only least squares means of treatment and age are presented in Table 2. Concentrations of most plasma metabolites were highly dependent on calf age. Other than plasma NEFA concentrations, these changes in plasma metabolite
concentrations as related to age did not depend on the
presence of Cr in the milk replacer. Prefeeding and
postfeeding concentrations of glucose were not affected by supplemental Cr. Between 1 and 5 wk of
age, prefeeding plasma glucose concentrations
declined ( P < 0.0001) by about 15% in all calves. In
contrast, plasma glucose concentrations attained 2 h
postfeeding declined ( P = 0.002) by only 10% over the
same age interval. When intensively fed veal calves
consumed a typical milk replacer meal, plasma glucose concentrations were observed to rise above the
assumed renal threshold for urinary glucose excretion
in calves (18). The renal glucose threshold for dairy
calves has been estimated to be between 8 and 10 mM
(18, 38). Hostettler-Allen et al. ( 1 8 ) concluded that
the loss of urinary glucose was probably only a transient phenomenon but represented a potential source
of lost energy that could contribute to reduced feed
utilization and growth performance; however, in that
study (18), the BW gain and feed efficiency of veal
calves were not markedly diminished. In our study,
plasma glucose concentrations rarely exceeded 8 mM.
Chromium also had no independent effect on
prefeeding or postfeeding concentrations of insulin
(Table 2). In contrast to plasma glucose, plasma
insulin concentrations increased ( P = 0.09) by almost
40% in the calves between 1 and 5 wk of age. Similarly, plasma insulin concentrations attained 2 h after
the milk replacer was fed had increased ( P = 0.004)
by almost 25% between 1 and 5 wk of age. The
gradual divergence of plasma glucose and insulin concentrations as calves aged could have at least two
unique developmental components. First, the insufficiency of insulin appears to be a common characteris-
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tic of neonates because the release of pancreatic insulin is limited for the first few days or weeks of life.
For example, the capacity to clear a load of glucose
increases measurably with the 1st wk of life in humans (12), between the 2nd and 4th wk of life in rats
(20), and between the 7th and 8th wk of life in dogs
(37). Similarly, Grutter and Blum ( 1 6 ) reported that
insulin secretory mechanisms may not be fully developed in young calves. Second, evidence suggests that
tissue sensitivity to insulin is adequate in the young
preruminant animal but begins to decline as the rumen begins to develop (16, 33). Thus, data from the
present study may indicate that, as the calves age,
more insulin is required to maintain a declining
homeostatic concentration of glucose. Therefore,
calves might have gradually become less sensitive to
insulin as they aged.
Plasma NEFA concentrations, measured both prior
to feeding and 2 h after feeding, declined for all calves
as they aged ( P = 0.0001; Table 2). That the consumption of milk replacer generally increased plasma
NEFA concentrations in calves is notable. In
ruminants, plasma NEFA concentrations typically
decrease in most animals following consumption of a
meal. This result is largely because of the actions of
insulin that decrease lipolysis and increase reincorporation of fatty acids into adipocytes. Chilliard ( 1 0 )
noted that NEFA concentrations in ruminants that
were fed a high concentration of fat averaged 13%
more than the mean NEFA concentrations of the
control ruminants. Chilliard ( 1 0 ) postulated that circulating NEFA become elevated because of incomplete removal of FFA into tissue adipocytes following
the action of lipoprotein lipase on chylomicrons and
lipoproteins. The milk replacer used in this study
contained 15% fat (DM basis), which would be approximately five times greater than the concentration
of fat that is typical in the diet of a postweaning
ruminant.
Compared with calves fed the control milk replacer,
prefeeding concentrations of plasma NEFA were
lower in calves fed milk replacer supplemented with
Cr in the first weeks of life; however, because blood
NEFA declined more rapidly with age in control
calves, calves on the two treatments had similar
prefeeding plasma NEFA concentrations by 5 wk of
age (interaction of treatment and age, P = 0.04).
From week to week, the pattern of decline in plasma
NEFA over this period was less consistent in heifers
than in bulls (interaction of treatment, age, and sex,
P = 0.05); however, by 5 wk of age, both sexes had
attained similar plasma NEFA concentrations. When
measured 2 h after feeding, plasma NEFA concentrations from 1 to 5 wk of age were lower for calves fed
Journal of Dairy Science Vol. 81, No. 11, 1998
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TABLE 2. Least squares means for plasma metabolite and hormone concentrations at weekly intervals prior to feeding (prefeeding) and 2
h after feeding (postfeeding)1 in calves fed milk replacer and starter supplemented with Cr-tripicolinate.
Glucose
Treatment2

Age

Control

(wk)
1
2
3
4
5

Supplemental Cr

1
2
3
4
5

P > F4,5
Treatment
Age
Treatment × age

Prefeeding
5.31
(5.1,
5.21
(5.0,
4.90
(4.7,
4.62
(4.4,
4.55
(4.3,
5.37
(5.1,
4.99
(4.7,
4.70
(4.4,
4.48
(4.2,
4.57
(4.3,

Insulin
Postfeeding Prefeeding

( m M)
6.43
5.5) 3,4 (6.1,
6.51
5.4)
(6.1,
6.25
5.1)
(5.9,
5.94
4.9)
(5.6,
5.58
4.8)
(5.2,
6.04
5.6)
(5.7,
6.26
5.2)
(5.9,
6.27
4.9)
(5.9,
6.06
4.7)
(5.7,
5.73
4.8)
(5.3,

0.44
0.0001
0.69

6.8)
6.9)
6.6)
6.3)
5.9)
6.4)
6.6)
6.8)
6.5)
6.1)

0.72
0.002
0.55

0.28
(0.21,
0.30
(0.23,
0.34
(0.25,
0.33
(0.25,
0.36
(0.27,
0.30
(0.22,
0.26
(0.20,
0.31
(0.23,
0.37
(0.28,
0.45
(0.33,

Postfeeding Prefeeding

(ng/ml)
1.97
0.37) (1.3,
1.01
0.40) (0.7,
1.41
0.44) (1.0,
1.58
0.44) (1.1,
1.84
0.47) (1.3,
1.41
0.40) (0.9,
0.93
0.35) (0.6,
1.28
0.42) (0.8,
1.34
0.50) (0.9,
2.40
0.61) (1.6,

0.84
0.09
0.70

NEFA

2.9)
1.5)
2.1)
2.3)
2.7)
2.1)
1.4)
2.0)
2.0)
3.7)

0.74
0.004
0.67

0.25
(0.20,
0.15
(0.12,
0.10
(0.08,
0.12
(0.10,
0.09
(0.07,
0.20
(0.16,
0.13
(0.11,
0.12
(0.10,
0.08
(0.07,
0.09
(0.07,

Postfeeding

( m M)
0.29
0.30) (0.25,
0.22
0.18) (0.19,
0.22
0.12) (0.19,
0.18
0.15) (0.16,
0.20
0.11) (0.17,
0.22
0.24) (0.19,
0.19
0.16) (0.16,
0.20
0.15) (0.17,
0.16
0.10) (0.14,
0.18
0.11) (0.16,

0.12
0.0001
0.04

Cortisol

0.33)
0.25)
0.25)
0.21)
0.22)
0.25)
0.22)
0.22)
0.18)
0.21)

0.01
0.0001
0.62

IGF-I3

Prefeeding

Prefeeding

(ng/ml)
5.92
(4.45, 7.87)
2.37
(1.78, 3.15)
0.92
(0.68, 1.23)
0.70
(0.53, 0.93)
0.58
(0.44, 0.78)
7.00
(5.23, 9.38)
2.43
(1.81, 3.25)
1.12
(0.83, 1.51)
0.89
(0.66, 1.21)
0.69
(0.51, 0.93)

(ng/ml)
8.87
(7.8, 10.0)
9.13
(8.0, 10.4)
9.38
(8.2, 10.7)
10.99
(9.6, 12.6)
15.23
(13.3, 17.4)
7.90
(6.9, 9.1)
8.91
(7.7, 10.3)
10.34
(9.0, 11.9)
12.34
(10.7, 14.2)
16.45
(14.3, 18.9)

0.40
0.0001
0.96

0.80
0.0001
0.42

1For prefeeding variables, n = 21 control calves, and n = 20 calves fed supplemental Cr. For postfeeding variables, n = 17 control calves,
and n = 16 calves fed supplemental Cr.
2No interactions of sex and treatment or age ( P > 0.10) were observed except for prefeeding NEFA concentrations [interaction of
treatment, age, and sex ( P = 0.05)].
3Insulin-like growth factor-I.
4With the exception of glucose variables, all means are based on analysis of transformed data. Lower and upper 95% confidence limits
for each mean are presented in parentheses.
5Probability of a greater F value.

milk replacer supplemented with Cr than for calves
fed the control milk replacer (0.19 vs. 0.22 mM; P =
0.01). Supplemental Cr has reduced blood lipid concentrations in humans and laboratory animals (2,
25) and in ruminants (6, 23, 31, 41). As suggested by
Mertz (25), the primary hypolipidemic effects of organic Cr may be attributable to the aforementioned
effect of insulin on the decrease of lipolysis and the
increase in the reincorporation of fatty acids into
adipocytes.
Concentrations of plasma cortisol were not affected
by Cr supplementation (Table 2). By 5 wk of age,
plasma cortisol concentrations had declined ( P =
0.0001) to about 10% of the concentrations observed
at 1 wk of age. This result is consistent with what has
previously been reported for calves ( 2 4 ) and human
infants (39); concentrations were observed to reach
baseline adult concentrations by 2 to 3 wk of age.
Cortisol concentrations could be important in the neoJournal of Dairy Science Vol. 81, No. 11, 1998

nate that is susceptible to stress because, somewhere
between the point of entry of glucose into the cells
and its final degradation, cortisol directly slows the
rate of glucose utilization (17). In chronically
stressed cattle, Bennet et al. ( 3 ) reported that high
cortisol concentrations lead to hyperglycemia and
elevated NEFA. Moonsie-Shageer and Mowat ( 2 6 )
first reported that the addition of Cr to the feed of
feeder calves that were under stress because of transit from market lowered circulating cortisol concentrations, reduced morbidity, and increased growth
during the 1st mo after transportation from market to
the experimental site; however, similarly conducted
studies (9, 27, 40) have not been able to confirm this
response. Our observation that Cr did not affect cortisol concentrations is consistent with previous findings in sheep (14, 23) and calves (21).
Concentrations of plasma IGF-I were not affected
by Cr supplementation (Table 2). However, between
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TABLE 3. Plasma glucose and propionate kinetics in response to intravenous glucose tolerance and propionate load tests in calves fed milk
replacer and starter supplemented with Cr-tripicolinate.
P > F1

Treatment

Item

Control

Calves, no.
Glucose tolerance test
( 2 wk of age)
Glucose clearance rate, %/min
Glucose AUC,2 min/mM
Glucose tolerance test
( 8 wk of age)
Glucose clearance rate, %/min
Glucose AUC, min/mM
Propionate load test
( 8 wk of age)
Propionate clearance rate, %/min
Glucose AUC, min/mM

10

Supplemental
Cr

Sex
SE

Bulls

11

10

Heifers

SE

Treatment Sex

Treatment
× sex

11

2.24
145.1

2.22
161.1

0.38
29

1.76
172.5

2.70
133.6

0.38
29

0.96
0.71

0.10
0.36

0.66
0.52

1.59
301.5

1.16
320.4

0.19
23

1.32
314.2

1.43
307.7

0.19
23

0.12
0.57

0.67
0.84

0.30
0.43

7.02
89.8

8.24
69.9

0.85
21

7.75
20.3

7.51
139.5

0.85
21

0.84
0.51

0.33
0.001

0.34
0.35

1Probability
2Area

of a greater F value.
under the response curve from 0 to 60 min after glucose or propionate infusion.

1 and 5 wk of age, plasma IGF-I concentrations had
almost doubled in calves (effect of age, P = 0.0001).
To our knowledge, this is the first report of IGF-I
concentrations in growing calves that received supplemental Cr. The addition of Cr to the diets of lactating dairy cows did not affect IGF-I concentrations
( 7 ) ; however, in yearling ewes, there was a trend for
increased IGF-I concentrations in lambs fed Crtripicolinate (14). The effects of growth hormone on
nutrient metabolism and tissue accretion are largely
mediated through IGF-I. Growth hormone concentrations were not affected by Cr supplementation in
Holstein feeder calves ( 6 ) .
Metabolic Challenges
By the time the second IVGTT was conducted at 8
wk of age, prefeeding plasma glucose concentrations
were 20% lower than those during the first IVGTT
conducted at 2 wk of age (Table 3). Glucose clearance
rates were almost 40% faster (2.23 vs. 1.36%/min) at
2 wk of age than at 8 wk of age when the calves were
fully functioning ruminants. This finding is consistent
with reports that glucose tolerance declines as dairy
calves age (18, 19). At 2 wk of age, heifers tended ( P
= 0.10) to have higher glucose clearance rates than
bulls; however, this effect had all but disappeared by
8 wk of age. Supplemental Cr had no influence on
prefeeding concentrations of plasma glucose, glucose
clearance rate, or area under the response curve at
either 2 or 8 wk of age. Both Kegley et al. ( 2 2 ) and
DePew et al. ( 1 1 ) failed to show differences in glucose clearance rates when IVGTT were administered

to Holstein calves that were consuming diets based
primarily or exclusively on milk. However, DePew et
al. ( 1 1 ) additionally subjected their IVGTT data to
analysis by a computer model that was developed to
assess insulin sensitivity in human subjects ( 4 ) . This
analysis suggested improved insulin sensitivity in
calves fed supplemental Cr.
Previous work in adult ruminants (32, 36) has
suggested that supplemental Cr may alter the kinetics of gluconeogenesis from propionate. Using isotope
dilution techniques in rams fed high grain diets, Sano
et al. ( 3 2 ) reported that supplemental Cr increased
the proportional contribution of propionate to glucose
synthesis and tended to increase the propionate turnover rate. Similar to that used in the present study,
Subiyatno et al. ( 3 6 ) also used the PLT with early
lactation heifers to show that the conversion of propionate to glucose was increased in heifers that
received supplemental Cr. In our study, supplemental
Cr affected neither the propionate clearance rate nor
the blood glucose response (glucose area under the
curve) to the PLT (Table 3).
Data from the PLT must be interpreted cautiously.
Peters and Elliot ( 2 9 ) clearly demonstrated that infusion of propionate at the pharmacological level employed in the PLT causes an immediate release of
both insulin and glucagon from the pancreas. As insulin concentrations decline in association with glucose
clearance, the molar ratio of glucagon to insulin increases, and the metabolic actions of glucagon are
predominant (29). Therefore, over the period of glucose measurement in our study ( 5 to 120 min postdosing), plasma glucose was probably derived from
Journal of Dairy Science Vol. 81, No. 11, 1998
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both gluconeogenesis and glycogenolysis (29). In
ruminants that are more sensitive to insulin, less
insulin may be released or insulin may be cleared
more rapidly, or both. In such cases, the ratio of
glucagon to insulin would be widened, promoting even
greater glucose production from glycogenolysis. This
scenario may explain the differences observed between sexes in the present study. Despite the fact
that heifers and bulls cleared their propionate loads
at similar rates, heifers had a much greater ( P =
0.001) plasma glucose response to the propionate
challenge than did bulls. A greater glycogenolytic
response to the PLT in heifer calves appears to be
likely given that they appeared to be more sensitive
to insulin than did bull calves based on their higher
glucose clearance rates during the IVGTT.
CONCLUSIONS
Inclusion of Cr-tripicolinate in the milk replacer of
conventionally managed dairy calves tended to improve the performance of bull calves but not that of
heifer calves. Metabolic challenge data suggested that
heifer calves were more sensitive to insulin than were
bull calves; however, none of the indices of glucose
usage measured during the challenges were influenced by supplemental Cr. Plasma NEFA were
lower in calves fed the milk replacer supplemented
with Cr than in calves fed the control milk replacer.
This result was taken as indirect evidence of enhanced insulin sensitivity in calves fed supplemental
Cr. Although glucose tolerance declined as calves
aged, supplemental Cr appeared to have greater
metabolic effects during the initial weeks of life.
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